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The Tokyo Metropolitan Area Convection Study (TOMACS), supported by the Japan Science 

and Technology Agency, is a major new program of meteorological observations, modeling and 

social experiments in urban area. The aim of this study is to improve to understand the process 

and mechanism of extreme weather that affects social activities in an urban area. The urban 

areas are considered to be more susceptible to extreme weather than are the rural areas because 

social infrastructures in urban areas including transportation and communication networks and 

paved streets are vulnerable to severe weather. Once such a phenomena occurs, it would produce 

appreciable damages such as breakdowns of the highly developed networks, submersion, and loss of 

lives. 

   The TOMACS employs dense observation networks of innovative observation facilities for 5 years 

starting from 2010 in the Tokyo metropolitan area as a test bed to mitigate damages and/or loss of 

lives associated with severe weather. Observation facilities include C-band research polarimetric 

radar, C-band operational Doppler radars, X-band Polarimetric radar network (X-NET), Doppler 

lidars, Ku-band Polarimetric radar, unmanned air vehicle, dense GPS and surface observation 

networks. More than 25 organizations and over 100 people are participating in this study to operate 

and support the facilities. The data are used for the elucidation of mechanisms of severe weather 

events, the data assimilation of mesoscale models, and weather warnings transferred to local 

specified people as a social experiment. This paper introduces the background of the TOMACS, the 

design of the study, and some observation facilities including preliminary results.
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Figure 1. Time series of the frequency of occurrence of heavy rainfalls  (>80mm/h) per 1000 surface observation stations from 

1976 to 2010 in Japan. The Lines indicate averaged frequencies of the occurence over about 12 years in three periods (1976-1986, 

1987-1998 and 1999-2010). Modified from JMA (2011).
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High density field campaign
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Ku band fast scan broadband radar (15.75GHz)
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Specifications
MRI C-band polarimetric 
Doppler weather radar 
equipped with solid state 
transmitters

Conventional Doppler 
weather radar
(The former MRI C-band 
Doppler weather radar) 

Transmitting 
frequency

5.37GHz (C-band) 5.26GHz (C-band)

Transmitter Gallium / Arsenic Power FET Magnetron

Peak transmitting 
power

Horizontal transmitter 3.5kW
Vertical  transmitter 3.5kW

250kW

Pulse width 1 - 350µsec (variable) 1, 2.5µsec

Pulse reputation 
frequency

260 - 20000Hz 260 - 940Hz

Antenna Parabola Diameter 4m Parabola Diameter 4m

Antenna speed Max. 10 rpm Max. 6 rpm

Output data

Reflectivity (Zhh)

Doppler velocity (V)
Velocity width (W)
Differential reflectivity (ZDR)

Correlation coefficient (!hv)

Differential phase ("DP)

Reflectivity (Zhh)

Doppler velocity (V)
Velocity width (W)

(Manufacture) TOSHIBA MITSUBISHI

Wada, M., J. Horikomi, F. Mizutani, 2009: 
Development of solid-state weather radar, 
preprints, 34th Conf. on Radar 
Meteorology, Williamsburg, VA, Amer. 
Meteor. Soc., 12B.4

      : TOMACS
      : GSI
      : Other organizations

UMHT:
Umi-hotaru PA

URYS:
Urayasu City Clean Center

KNAN:
Tokyo Univ. of Marine Science and 
Technology

KHJM:
Oota Incineration Plant

KWSK:
Kawasaki Harbor Joint Government Building

•Five new GPS sites are installed.
•Online data acquisition is available at four stations (except for UMHT).
•Solar –powered energy supply is tried at UMHT.

KNAN KNAN KNAN

KHJM KHJM

KWSK KWSK KWSK

URYS URYS URYS

UMHT UMHT UMHT

Analysis Example :
Small scale convective systems on 

27 July 2011.

PWV sequence from 16:00 to 21:00 UTC derived from TOMACS GPS sites.

JMA’s precipitation nowcast (mosaic) and GPS PWV (filled circle).

Newly installed GPS sites capture small scale 
water vapor variation under the convective 
activity.   

Japan standard time is +9 h against UTC.
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Instrument Number Measurements Observation intervals
Weather Transmitter 
WXT520
(Vaisala)

12 Surface weather data
1 second for wind direction 
and speed
10 seconds for temperature, 
humidity, pressure, and 
precipitationLaser-based optical 

disdrometer
(OTT PARSIVEL®)

6
Drop size and 

velocity in 
precipitation

Rain fall intensity

10 seconds 

16 July 2009 Issued region

Rapid scan by the JMA Geostationary Satellite (MTSTAT) has started from 2010 

summer with visible and IR images taken in every 5 minutes over Japan
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TOMACS:	
  UAV	
  airplane
To	
  capture	
  atmospheric	
  environment	
  for	
  heavy	
  rainfall/	
  

urban	
  PBL	
  structure

-Observation of environments 
for initiation/development of 
local heavy rainfalls. 
(1)Vertical profiles in/around   
     the urban area. 
(2)Convergence of easterly and 
     southerly airflows.

-Development of 
UAV for 
atmospheric 
observation.
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Winds and rain intensity at 1km

Distribution of !hv in Rain (SNR>20)

! Independent of sample (hit) number N.
! Peak values are 0.998 for long pulse observation, 

0.992 for short pulse observation.

From Yamauchi et al (ERAD 2012)


